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Abstract

This study was conducted to determine the concentrations of heavy metals (Lead, Chromium, Copper,
Cadmium and Zinc) and anti-nutrients residues (phytate and oxalate) in cattle (bovines) organs
slaughtered at Federal Polytechnic Mubi, Nigeria slaughterhouse. Different organs (kidney, liver,
lungs, heart and spleen) were collected randomly from five different bovines as samples from
slaughterhouse and were brought to the laboratory for analysis. All of the heavy metals analyzed were
detected with Lead presenting 293.07 + 163.53 mg/kg in lung, 2.97 + 0.39 mg/kg Zinc in heart,
0.632 + 0.3724 mg/kg Cadmium, 1.53 + 1.482.9722.97 + 0.39 mg/kg Copper, 4.0E+ + 2.0E+
mg/kg Chromium in liver, while highest concentration 0.63 + 0.37 mg/kg of Cadmium and 1.53 +
1.48 mg/kg Copper was found in spleen. The concentrations of Lead, Zinc, Copper, Cadmium and
Chromium detected exceeds the recommended maximum acceptable levels proposed by the World
Health Organization (WHQO) which are Cadmium 0.5 mg/kg, Lead 0.30 mg/kg, Zinc 0.2 mg/kg,
Chromium 1.00 mg/kg, Copper 0.1- 0.50 mg/kg. The results from this study indicate that heavy metal
toxicity could result from the consumption of organs of bovines (cows) feed within contaminated areas
of Federal Polytechnic Mubi, Adamawa State, Nigeria.
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INTRODUCTION

The safety of food is a major concern to the public worldwide. Food safety refers to
handling, preparing and storing food in a way to best reduce the risk of individuals
becoming sick from foodborne illnesses (Izah et al., 2017). Food poisoning has been
associated with consumption of food materials contaminated with pesticides, heavy metals
and/or toxins (Mello, 2003). Food poisoning is an illness due to eating or drinking water
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contaminated with bacteria, parasites or chemicals. The main sources of proteins,
carbohydrates, vitamins, and minerals which are utilized by the human body for effective
functioning of the organs/systems and growth are food resources. These food resources are
mainly obtained from vegetation/plants (cereals, legumes and fruits etc.) and animals (some
species of mammals, cattle, goat, fishes etc.) (Izah et al., 2017). Meat is mainly derived from
the flesh of animals, which could be easily contaminated. After slaughtering, the meats are
processed into different forms such as smoking, frying and boiling. These are the three main
forms through which meat is consumed. In a developing country like Nigeria, meat
products are usually acquired from the wild “bush-meat” and also domesticated animals
(Kigigha et al., 2015).

This research was carried out within a polluted environment that has been a major problem
of heavy metals contamination in Mubi. There was the need to determine this heavy metals
toxicity in different areas where animals such as bovines are grazing, and to determine these
heavy metals and anti-nutrients in different organs of bovines meat around Federal
Polytechnic, Mubi consumed daily by humans. Certainly, problems were encountered in
nature of grazing; therefore, heavy metals and anti-nutrients in food pose a serious threat to
well-being of humans due to their toxicity and chelating activities. It is therefore necessary
to determine the levels of heavy metals and anti-nutrients residues in different organs of
bovines meat, because most of the bovines are feed or grazed in a contaminated or polluted
area.

MATERIALS AND METHODS

Study area

Federal Polytechnic Mubi, is in Mubi town, located in the Northern Senatorial Zone of
Adamawa State, Nigeria, between latitudes 9°.30°, 11°00'N and longitudes 12°00, 13°45'E
and has elevation of 581m above sea level, situated at the foot of the Mandara mountains
which separates Nigeria from the Republic of Cameroon. The slaughterhouses are located
between the fisheries department of Adamawa State University and the animals” house. The
climate of the area corresponds to other areas of the Mubi town which have been
comprehensively documented. Furthermore, the area is characterized by atmospheric
temperature of 15 to 48°C and a tropical climate of wet and dry (Aw) season all year round.
(Maclean, 2017).

Sample collection

Random selection technique was used in this study. A total of twenty-five (25) different
organs (kidney, Liver, lungs, heart, and spleen) from five (5) bovines as samples at Federal
Polytechnic, Mubi slaughterhouse were collected from the point of slaughtering. All samples
were properly labeled and stored in clean polyethylene bags according to their types of
collection and were brought to the laboratory for preparations and treatments.

Preparation and treatment of samples

The samples collected were rinsed with distilled water to remove any contaminant. The
samples were cut to small pieces using clean knife, and were dried in an air oven
(Gallenkamp) at 100°C for 2 hours. After drying, the samples were ground into a fine
powder using a pestle and mortar and stored in sample bottles for analysis.
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Digestion

Acid mixture (10 mL, 70% high purity HNOs and 65% HClOs, 4:1 v/v) were added to the
beakers containing 0.5g each dry samples according to AOAC (1995). The mixture was
digested using Kjal Digestion Block (Gerhardt Kjeldatherm) at 285°C till the transparent
solution was achieved. After cooling, the digested samples were filtered using Whatman no.
42 filter paper and the filtrate was diluted to 50 mL with deionized water. The
concentrations of Lead (Pb), Chromium (Cr), Copper (Cu), Cadmium (Cd), and Zinc (Zn)
were determined by an Atomic Absorbance Spectrophotometer (AAS) (Adebayo et al., 2009).

Preparation of standard solution

Determination of heavy metal standard stock solution (1000 mg/L) of each of the following;
Lead, Copper, Cadmium, Zinc, and Chromium were prepared and diluted to the
corresponding working standard solutions for heavy metal. All reagents used were of in
analytical grade (AOAC, 1995).

Determination of heavy metals

Lead nitrate (1.00 g) was dissolved in 50 mL of 2 M nitric acid. The solution was then made
up to mark in 1 L volumetric flask with deionized water. Cadmium nitrate (1.0 g) was
dissolved in 20 mL of 5M hydrochloric acid and 2 drops of concentrated Nitric acid was
added. The resulting solution was made up to mark in 1L volumetric flask with deionized
water. Chromium nitrate (Cr (NOs)3).9H20) (7.696 g) was dissolved in 250 mL of deionized
water. The solution was then made up to mark in 1L volumetric flask with deionized water.
Zinc sulphate (1.0 g) was dissolved in 30 mL of 5M HCL. The resulting solution was then
made up to mark in a 1L volumetric flask with deionized water. Copper sulphate (1.0 g) was
dissolved in 50 mL of 5M nitric acid. The solution was then made up to mark in a 1L
volumetric flask with deionized water.

Determination of anti-nutrients

The titration method as described by Day and Underwood (1986) was followed. 1 g of
sample was weighed into 100 mL conical flask. Seventy-five (75 mL) of 3M H»SO, was
added and stirred for 1 h with a magnetic stirrer. This was filtered using a What-man No 1
filter paper. Twenty five (25) mL of the filtrate was taken and titrated against 0.05 M KMnO4
solution until a faint pink color persisted for at least 30 s. The content of oxalate was then
calculated by taking 1 mL of 0.05 M KMnOj as equivalent to 2.2 mg oxalate.

The test samples (0.2 g) was dissolved in 100 mL of 2% HCI and allowed to stand (digest) for
3 hours, then filtered. 50 mL of the filtrate was measured and put in a 250 mL conical flask,
then 10 mL of 0.3% NH4SCN was added as an indicator and 100 mL of distilled water was
added to reach the proper acidity. Then, the solutions were titrated with FeCls which contain
0.00195 g of Fe per cm? of iron (iii) chloride solution (Aina ef al., 2012).
The percentage composition of phytate (phytic acid) was calculated as;

Percentage of phytate = 2 x Titre value x 0.00195 x 1.19 x 100

Statistical Analysis

The results were expressed as Mean + SD, the differences between means analyzed were
assayed using two-way analysis of variance (ANOVA) down the column. Significance
differences was taken at p<0.05 using Analystat Version 1.6.50.

RESULTS
The results of concentration of heavy metal were given in table 1, the results showed that
Cadmium, was detected in all the organs sampled and varied in the range of 0.01 mg/kg to
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0.63 mg/kg. The highest concentration (0.63+ 0.372 mg/kg) of Cadmium was found in the
spleen while the lowest (0.01+ 0.04c mg/kg) in the kidney, which is above the permissible
limit of 0.50 mg/kg, as recorded by USDA, (2006).

Zinc was detected in different organs samples and varied in the range of 1.74 + 1.41 mg/kg
to 2.97 + 0.39 mg/kg. The highest concentration was found in the Heart (2.97 + 0.39 mg/kg)
while the lowest in the kidney (1.74 + 1.41 mg/kg) which were above the permissible limit of
0.2 mg/kg, as recorded by USDA, (2006).

Chromium was detected in three different organs and varied from the range of 4.0E+# + 2.0E+
mg/kg tol.0E4 * 1.0E+ mg/kg. The highest concentration of Chromium was found in the
liver (4.0E+4 + 2.0E# mg/kg) while the lowest (1.0E4 mg/kg) in the lung. The Chromium
level in the organs sampled was found to be higher than the tolerable level of 1.0 mg/kg.

The highest concentration of Lead (293.07 + 163.53 mg/kg) was found in lung and the lowest
(1.0E# + 1.0E+ mg/kg) in kidney, which is far above the tolerable limit of 0.30 mg/kg set by
WHO, (1984).

Copper, was detected in all the organs sampled and varied in the range of 0.10 mg/kg to
1.53 mg/kg. The highest concentration (1.53+1.487) of Copper was found in the spleen while
the lowest (0.10+0.047%) in the liver, which is above the permissible limit of 0.50 mg/kg, as
recorded by USDA, (2006).

Table. 1: Concentration of heavy metals detected in selected Organs of bovines.

S/N Organ Cd Zn Cr Pb Cu
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 Kidney 0.01+ 0.04¢ 1.74+ 1.41a 2.0E4+ 2.0E4b 1.0E“4+1.0E*a 0.26+0.141b
2 Liver 0.04+0.01b 2.76+ 0.44b 4.0E4+ 2.0E4 1.43+0.642 0.10+0.047b
3 Lungs 0.42+ 0.462 1.84+0.352 1.0E4+ 1.0E4a 293.07+ 163.53P 1.31£1.092
4 Heart 0.14+ 0.25b 2.97+0.390 ND 5.32+7.77¢ 0.65+0.21¢
5 Spleen 0.63+ 0.372 2.96+ 0.27° ND ND 1.53+1.482
WHO/FOA
(1984) Organs 0.5 0.2 1.00 0.30 0.1-0.50

Note; ND = Not detected. The values in the table are presented in mean + standard deviation [M+SD]. p<0.05.
Differences between means analyzed were assayed using two-way analysis of variance (ANOVA) down the
column.

The concentration of anti-nutrients, phytate and oxalate are presented in table 2 below. The
results showed that phytate was detected in different samples and varied from the range of
1.17 £ 0.50 mg/kg to 0.08 + 0.13 mg/kg. The results indicated that, there were no much
significant differences in phytate concentrations in the different organs and they were far
below the permissible limit set by FAO standard. The oxalate concentrations also showed no
much significant differences between the different organs and there were below the
permissible limit set by food standards. The maximum permissive level of oxalate in human
is 40-50 mg/day and in ruminants it is < 2% (WHO 1984).
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Table 2: The Anti-Nutrients Concentration of Phytate and Oxalate in Different Organs of
Bovines.

S/NO ORGAN PHYTATE OXALATE
(mg/g) (mg/g)

1 Kidney 0.90 £ 0.15a 1.74£0.45a

2 Liver 0.79+ 0.072 191+ 0.36°

3 Lungs 0.84 £0.062 192+ 0.36°

4 Heart 1.17 + 0.50p 1.59 + 0.38¢

5 Spleen 0.08 + 0.132 1.75+ 0442

The values in the table above were presented in mean + standard deviation [M+SD]. p<0.05. Differences between
means analyzed were assayed using two-way analysis of variance (ANOVA) down the column.

DISCUSSION

Heavy metals were detected in the selected organs and they are highly toxic even at trace
concentration. In biodiversity, heavy metals are being broadly utilized as a group name for
metals and metalloids that have been associated with contamination and potential toxicity
or eco-toxicity. Heavy metals in general are not - biodegradable, have long biological half-
life and the potential for accumulation in the different organs of bovines Leading to
unwanted side effects. From this study, the levels of heavy metals determined in different
organs were above the permissible limit set by FAO standards, only Cadmium in kidney
was found to be within the normal range.

Different studies have shown Cadmium concentrations were higher in the lungs and spleen
than in the livers and kidneys (Hetcht et al., 1984). The higher concentration of Cadmium in
the organs is due to the detoxification where these metals are accumulated (Aranha, 1994;
Stokey et al., 1995). Exposure of animals to heavy metals could Lead to accumulation in their
lungs, livers and spleen as their free protein-thiol content Leading to a strong fixation of
heavy metals. Despite the excretory mechanism for such metals, which is based on low
molecular compounds with -SH groups, vertebrates could not develop these mechanisms
during the period of evaluation.

Zinc concentration were detected in all the organs, the highest concentration was detected in
the heart and the lowest concentration was detected in kidney, the concentration in lungs,
spleen and liver have a related similar concentration. Zinc substantially accumulates in the
heart, liver and then spleen. It acts to diminish the toxicity, Zinc may be a modifier of the
carcinogenic response; excessive levels of Zinc may enhance susceptibility to carcinogens, in
few instances of acute Zinc poisoning are manifestations include nausea, vomiting, diarrhea,
fever, and lethargy. Zinc is an essential trace metal it occurs in most foodstuffs and
beverages, the main Zinc intake is in meats, especially organ meats, whole grain cereals and
milk product including cheese. Zinc is essential component of many metal enzymes (Vallee
and Auld, 1990).

Chromium concentration was detected in kidney, liver and lungs which are above the
permissible limits set by the standards, only heart and spleen are not detected. Liver have
the highest concentration than other two organs (kidney and lungs). Chromium is an
essential element which assists the body to use sugar, protein and fat, and is internationally
recognized as one of the most carcinogenic metals (Xia et al., 2019). In humans the oral route
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exposure to Cr is due to contamination of foodstuffs. Certain effects have been reported like
mouth ulcers, indigestion, acute tubular necrosis, vomiting, abdominal pain, kidney failure
and even death. It has been studied that Cr (III) has an essential role in protein and lipid
metabolism but there are studies which has reported that Cr(IIl) cause oral toxicity in
humans.

Lead was detected in the kidney, liver, lungs and heart but not detected in the spleen. The
concentration of Lead was highest in all the study and was detected in lungs. Lead is a toxic
metal, which has effect on organisms. Lead is regarded as a potent occupational toxin and its
toxicological manifestations are well known. The non-biodegradable nature of Lead is the
major reason for its prolonged persistence in the environment. Human exposure to Lead
occurs via various sources such as bearings, soil, foods stuffs etc. Lead toxicity is a
particularly insidious hazard with the potential of causing irreversible health effects. It is
known to interfere with a number of body functions and it is primarily affecting the central
nervous, hematopoietic, hepatic and renal system producing serious disorders. Lead toxicity
is characterized by persistent vomiting, encephalopathy, lethargy, delirium, convulsions and
coma, which occurs mainly through the respiratory and gastrointestinal (GI) tracts. About
30-40 percent of inhaled Lead is absorbed into the bloodstream, the amount absorbed in the
gastrointestinal tract (GI) varies depending on nutritional status and age. Increased dietary
intakes of magnesium, phosphate, and dietary fat have also been shown to decrease Lead
absorption in gastrointestinal tract.

Copper is naturally present in most foodstuffs in the form of the Copper ions or Copper
salts. The main sources are meat organs, offal, fish, pecans, milk, chocolate, and green
vegetables. Copper is an essential metal which is involved in activities as diverse as
hemoglobin synthesis, bone and elastic tissue development, and the normal function of the
central nervous system. Acute toxicity is due to ingestion of high quantities of Copper salts
is characterized by vomiting, lethargy, acute hemolytic anemia, renal and liver damage,
neurotoxicity, increased blood pressure and respiratory rates. In some cases, it Leads to
coma and death.

In comparison to the standards, The Turkish acceptable limit and EU limit for Lead was
0.40ng/g, (EU, 2001; TFC, 2002), permissible value by Malaysian Food Regulation (1985) is
2.00 pg/g, by Hong Kong Environmental Protection Department (HKEPD, 1987) it is 6.00
ng/ g by USEPA (2000) it is 0.491 pg/g, by FSANZ (2002) is 0.200 pg/g, by EUROPA (2004)
it is 0.100 pg/g. The result obtained of Lead concentration exceeds the permissible level of
all the above regulations, the result detected exceed the limit permissible level; (FAO, 1983;
EC, 2001), the Turkish Food Code (TFC, 2002), European Union (EU, 2001) limit of 0.03
mg/kg United State Environmental Protection Agency (USEPA, 2000) 0.43 mg/kg Food

Standards Australia New Zealand (FSANZ, 2002); 0.200 mg/kg EUROPA (2004); 0.100
mg/kg. However, the obtained result in this study far above the limit set by Hong Kong
Environmental Protection Department (HKEPD, 1987); 2.00 ug/g and United States Food
and Drug Administration (USFDA, 1993); 3.70 pg/g. For Zinc the lowest concentration
detected was in kidney and lungs, permissible limit for Canadian food standard is 100 png/g,
by Australian standard 10 pg/g (Papagiannis et al., 2004) is 50 pg/g, and by Turkish
standards (TFC, 2002) is 50 pg/g, Zinc concentration exceeds the above regulations. For
Copper (Cu), the Canadian food standard recommend 100 pg/g, the range of international
standard is 10-100 pg/g, Turkish acceptable limit 20 png/g (Papagiannis et al., 2004), the
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permissible limit set by the Malaysian food regulation (1985) 30 pg/g, USEPA (1990) limit 12
ng/g.

There are various sources of emission of trace metals into the Nigerian environment.
Indiscriminate dumping of metal containing wastes, including electronics and disposal of
Lead base products such as Lead-acid and torchlight batteries is very common in the
country. An example could be seen in the recent Lead poisoning that occurred in five
villages (Dareta, Yargalmal, TungarDaji, Sunke and Abare) in Anka L.G.A of Zamfara State
where 160 villagers with children topping the number that died and hundreds more
hospitalized due the Lead released into the environment from the illegal mining of gold ore
in the area. Improper dumping of materials in the rivers and landfills has accounted for
environmental pollutants. These wastes are discarded indiscriminately around us and
contribute to pollution of the environment and thus contaminating the soil and water
bodies.

Open refuse burning can also enrich the environment with some of these heavy metals.
Sources of these toxic metals could also be attributed to runoff from refuge dumps in urban
and rural areas including waste dumpsites and agricultural lands. Agricultural and
industrial effluents can contaminate the water bodies from which these animals drink from
and thus increase their metal burden. Asonye et al. (2007) has reported high Lead and
Cadmium levels in some streams, river and waterways in the Western, Midwestern and
Southern region of Nigeria while, Okoye et al. (2010) has reported high levels of Pb (0.13-2.24
mg/L,) and Cd (0.004-0.6 mg/L) in rural water resources in some parts of South-east,
Nigeria. Furthermore, Akan et al. (2007) has reported high level of Chromium in tannery
industrial effluents from Kano metropolis while Ayodele et al. (1996) reported high Lead
levels in some industrial effluent at Sharada industrial estate Kano. Other sources of these
metals especially Lead, Cadmium and nickel could be from vehicular emission. Many
countries have banned the use of Leaded petrol, but Nigeria has not yet made any
categorical statement on the issue. Currently, the country imports most of her petrol, and
there is usually no display at filling stations indicating whether petrol on sale is leaked or
not.

The anti-nutrients concentrations (phytate and oxalate) determined gave low values. Anti-
nutrients are not bio-accumulated; therefore, the residues in the different organs (heart,
lungs, spleen, kidney, and liver) of bovines detected were far below the permissible limit set
by WHO/FAO standard.

CONCLUSION

The study confirmed the presence of heavy metals in the samples analyzed. The heavy
metals present in different organs were found to be above the permissible limits set by
WHO, FAO and ECC. This point out that heavy metals bioaccumulation could arise due to
consumption of meat from bovines that most especially graze in contaminated areas.
Therefore, there is serious need of monitoring the presence of heavy metals in bovine organs
in order to advice the government and populace against the dangers associated with the
bovine meat consumption.
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